We have carried out phenomenological implication of R-parity violating ( / R p ) Minimal Supersymmetric Model (MSSM) via analyses of pure leptonic(M → νν) and semileptonic decays of pseudo-scalar mesons(M → Xνν). These analyses involve prediction of branching fraction of pure leptonic decays by using experimental limits/bounds derived from the study of semileptonic decays on / R p parameters. We have found, in general that / R p contribution dominates over the SM contribution i.e., by a factor of 10 2 for the semleptonic decays of K 0 , 10 for the pure leptonic decays of KL,S , while 10 2 & 10 4 in case of Bs and B d respectively. This demonstrates the role of / R p as a viable model for the study of NP contribution in rare decays.
INTRODUCTION
Flavor changing neutral currents(FCNC) that mediate different flavored fermions (quarks) of the same charge are one of the most important tools searching for physics beyond the Standard Model(SM). This is due to their rarity owing to GIM mechanism [1] . Whereas, FCNC processes involving leptons are strictly forbidden in SM due to lepton family number conservation contrary to established experimental facts [2, 3] , such processes can only be accommodated through physics beyond the SM, named as New physics (NP). However, lepton flavor conserving processes can proceed through both universal and non-universal weak neutral current interactions. Here universal weak neutral current interactions correspond to the SM interactions, which are flavor as well as generation blind and Non-universal weak neutral current interaction represents NP interaction which are flavour as well as generation sensitive. Analyses of such type of processes are good for comparative study of different Models. In this paper, we have presented one class of such type of pure leptonic and semileptonic decays of pseudoscalar mesons involving di-neutrinos in their final state in the frame work of SM and R-parity violating supersymmetric model.
Leptonic and semileptonic decays of beauty and strange mesons have played an important role in measuring parameters related to Cabibbo-Kobayashi -Maskawa (CKM) , unitary angles and also in probing CP-violation [4] . Many New Physics (NP) models like 2HDM [5] and / R p MSSM. [6] have been explored in these processes [7] as well. Super B-factories [8] also hold a lot of potential in this regard. LHC B also holds a lot of promise for discovering prospects of new physics in B decays [9] .
The Minimal Supersymmetric Standard Model (M SSM ) [10] is the most economical version of SUSY. It is also the minimal extension of SM [10] . MSSM allows processes that violate baryon and lepton number. It also allows LFV processes. R-parity, a discrete symmetry is imposed to prevent baryon number, lepton number and flavor violating processes. It is defined as
3B+L+2S [11] . R-parity conservation is phenomenologically motivated and if relaxed carefully allows one to analyze rare and forbidden decays while maintaining the stability of matter [12] . The R-parity violating gauge invariant and renormalizable superpotential is [11] 
where i, j, k are generation indices, L i and Q i are the lepton and quark lefthanded SU (2) L doublets and E c , D c are the charge conjugates of the righthanded leptons and quark singlets, respectively. λ ijk , λ ijk and λ ijk are Yukawa couplings. The term proportional to λ ijk is antisymmetric in first two indices [i, j] and λ ijk is antisymmetric in last two indices [j, k] , implying 9(λ ijk ) + 27(λ ijk ) + 9 λ ijk = 45 independent coupling constants among which 36 are related to the lepton flavor violation (9 from LLE c and 27 from LQD c ). We can rotate the last term away without affecting things of our interest.
In this scenario for detailed illustration we will use the pure and semileptonic rare decays of pseudoscalar mesons with missing energy i.e.
, and (all these processes can be) divided into two categories on the bases of lepton flavors i.e.
1. lepton flavor conserving (α = β) and 2. lepton flavor violating (α = β) decays. The first type of decays b → q ν α ν α (α = e, µ, τ ) are absent in the SM at tree level, however are induced by GIM mechanism [1] at the quantum loop level [16] which makes their effective strength very small, further suppression caused by the weak mixing angles of the quark flavor rotation matrix, called CabibboKobayashi-Maskawa(CKM) matrix [17] . These two suppressions make FCNC decays very rare. Further-more these processes will provide indirect test of high energy scales through a low energy process. Such type of processes having only short distance dominant contribution whereas, long distance contribution is subleading [13] . As we are taking pure and semileptonic decays, which can be accurately predicted in the standard model (SM) due to the fact that the only relevant hadronic operators are just the current operators whose matrix elements can be extracted from their respective leading decays [15] .
The second type of decays b → q ν α ν β ((α = β; α, β = e, µ, τ ) are strictly forbidden to all orders in the SM due to lepton flavour violation, so the only possible explanation for these type of processes is Non Standard/ New interactions. Hence one can say that these are the "golden channels" for the study of New Physics.
In this paper, we have analyzed above mentioned decays in the SM (first case) and then in / R p violating MSSM. Our focus is to predict the branching fraction (in some cases) and NP parameters and to develop the relationship between the parameters of different models. In the forthcoming section, we will discuss these processes one by one.
s→ dν ανα
The effective Hamiltonian for the semileptonic(K → πν ανα , K → π 0 ν ανα ) and pure leptonic K L,S → ν ανα processes is given by [14] 
In this case all leptons couple universally with the electroweak gauge bosons. where
. In MSSM the relevant effective Lagrangian for the decay process K → πν ανα is given by [15] 
Where α = e, µ. The first term in eq. (2) comes from the down squark exchange (where d and s are down type quarks). The dimensionless coupling constant A sd αα is given by
The differential decay rate for semileptonic decay processes is given by
where,
The decay rate for pure leptonic decay processes is given by
In MSSM, the relevant effective Lagrangian for the decay process B → π(K)ν ανα is given by [15] 
Where α = e, µ. The first term in eq. (2) is given by
where
and
Results And Discussions
We have carried out analysis of hypercharge changing two and three body decay processes of pseudoscalar mesons (M → Xνν; M → νν) where M = K, B and X = π, K. The feynman diagrams and table listing experimental data related to these processes are given in Fig. (1) and Table [I] respectively First, we will discuss the results related to semileptonic decay processes followed by pure leptonic decays. We have plotted graphs in Figs. (2 and 3) for the study of process K → πν ανa . These plots relate the branching fraction of the said process with the magnitude and phase of New Physics(NP) parameters( z(λ ik1 λ * ik2 ) and θ). Plots in Fig. (2) represent the allowed region for NP parameters for a specific value of branching fraction at ±1σ level. All four plots (comprising of Unpolarized (a) and Polarized (b-d)) show that the maximum magnitude of NP parameter oscillates w.r.t. its phase in general. The plot in Fig. (2a) shows a particular pattern at given error level at −1σ level of measured branching fraction(0.7 × 10 −7 ). It clearly shows that only a narrow range of phase of NP parameter(|θ| ≤ π 4 ) is allowed for given −1σ level. The bounds on the magnitude of NP parameter are given in Table [2] . Tables [2a and 2b] show the same pattern as observed in Figs. (2a and 3a) numerically. Since Yukawa couplings for R-parity violation are identical for the processes (K → πν ανα , K 0 → π 0 ν ανα , K L,S → ν ανα ), the maximum limits for K → πν ανα are used for calculating NP contribution to branching fraction of other processes. Fig. (4) shows the relationship between the branching fraction of the process (K 0 → π 0 ν ανa ), magnitude and phase of New Physics(NP) parameters ( z(λ ik1 λ * ik2 ) and θ). These plots comprise of the allowed region for NP parameters for a specific value of branching fraction at ±1σ level. All four plots (comprising of Unpolarized (a) and Polarized (b-d)) show that the maximum magnitude of NP parameter follows a catenary(hanging chain) pattern, with the bottom level smoothening with decreasing error levels. The bounds on the magnitude of NP parameter and possible NP contribution are in Table [ (5 and 6) relate the branching fraction of the process (B → πν ανa ).with the magnitude and phase of NP parameters( z(λ ik1 λ * ik2 ) and θ). Graphs in Fig. (5) illustrate the allowed region for NP parameters for a specific value of branching fraction at ±1σ level. All four plots (comprising of Unpolarized (a) and Polarized (b-d)) show that the maximum magnitude of NP parameter oscillates gently w.r.t. its phase in general. Similarly, plots in Fig. (6) represent the variation of branching fraction w.r.t. the magnitude of NP parameter( z(λ ik1 λ * ik2 ) ). All four plots demonstrates the gentle oscillation behavior as observed in Fig. (5) with sharply distinct curves for different values of phases of NP parameter(θ). The bounds on the magnitude of NP parameter are given in Table [6] .
Plots in Fig. (7) describe the branching fraction of the process (B → Kν ανa ) with the magnitude and phase of NP parameters( z(λ ik3 λ * ik2 ) and θ). Graphs in Fig. (7) depict the allowed region for NP parameters for a specific value of branching fraction bounded by the experimental limit, while plots in Fig.  (3) represent the variation of branching fraction w.r.t. the magnitude of NP parameter( z(λ ik3 λ * ik2 ) ). All four plots (comprising of Unpolarized (a) and Polarized (b-d)) show that the maximum magnitude of NP parameter oscillates w.r.t. its phase in general. The plot in Fig. (2a) shows a particular pattern below given limiting branching fraction (≤ 4 × 10 −6 ). This particular pattern shows that only a narrow range of phase(θ) of NP parameter is allowed in that case.
For pure leptonic decays of strange mesons involving neutrinos(K L,S → ν ανα ), there is no experimental data available. Therefore, we use limits derived from (K → πν ανα ) to calculate NP contribution to these processes. The bounds on the magnitude of NP parameter and possible NP contribution are given in Tables [4 and 5] for the decay of K S,L respectively, which shows that / R p MSSM enhances SM contribution by order˜10 for K S,L .
For pure leptonic decays of beauty involving neutrinos(B d,s → ν ανα ), there is no experimental data available for these processes, we use limits derived from (B → (π, K)ν ανα ) to calculate NP contributions to these processes. The bounds on the magnitude of NP parameter and possible NP contribution are given in Tables [8 and 9] for the decay of B d,s respectively, which shows that / R p MSSM enhances SM contribution by order of magnitude˜10 for B s and 10 Figure 10 : Variations of NP contribution w.r.t.NP Parameter ( λ ijk λ lmn ,θ) for Summarizing, we have carried out the study of semileptonic and pure leptonic decays of pseudoscalar mesons within / R p MSSM. It enhances the SM contribution for all the involved processes as discussed in the context of decays of K 0 , K S,L and B s,d . This makes / R p MSSM a viable model for checking the contribution of NP in rare decays.
